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Oktibbeha County, Mississippi depends on the Gordo Formation for fresh water.
This formation has never been analyzed as to its limits as the exclusive groundwater
source for Oktibbeha County. The last extensive groundwater study in this area was done
in 1965 and included the surrounding counties while focusing on the larger cities in that
area. This project studied the aquifer systems within the county and determined the
groundwater resources for the county with its growing population. Groundwater was
analyzed for future usability as a public supply. Potentiometric surface maps were also
updated in the area to reflect current groundwater levels and projected groundwater
levels. Updated cross sections were also created for a more detailed understanding of the
geologic units and hydraulic properties of the aquifer systems in the area.
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CHAPTER I
INTRODUCTION
Oktibbeha County, Mississippi is located within a sub-tropical climate zone and
receives on average of 56 inches(142.24 cm) of rain per year (Clark, et al. 2011). Much
of the 56 inches of rain is returned to the atmosphere through evapotranspiration, while
the remaining portion recharges local stream systems (Clark et al., 2011). Average
temperatures ranges from an average low of 32°F (0C) in the winter to an average high
of 90.5°F(32.5C) degrees in the summer and are given in figures 1.1,1.2, and 1.3
(NOAA). Oktibbeha County is a located in east-central part of Mississippi and has a land
area of 1175.855 km2 (290,560acres) (Brent, 1973). The county seat, Starkville, is the
largest city in Oktibbeha County. Oktibbeha County has a population of 49,120 (Census,
2012). Mississippi State University is located in Starkville with a current enrollment at
19,635 (MSU Office of Institutional Research and Effectiveness, 2014). This enrollment
does not include the population earlier indicated. The total enrollment in 2001 was
16,066. The constant growth of the population of Starkville and Mississippi State
University increases the consumption on the current water supply and if the county water
supply potential is not understood could result in a lack of fresh water within the county.
In Union County Mississippi, the demand from the Eutaw Formation aquifer and
Coffee Sand Formation is projected to increase from 2.55 million gallons per day (Mgpd)
in 1998 to 6.7Mgpd in 2050 (Hutson, et al. 2010). There is expected to be a similar
1

situation with Oktibbeha County as the population grows but because no studies have
been conducted to keep the groundwater usage up to date nor to determine a correlation
between the increase population and the increase groundwater usage. Wasson et. al
(1965) study was created for a similar purpose but has long since been out of date. The
study also did not take into consideration the increase in population that Oktibbeha would
experience nor did it focus on just Oktibbeha County. This thesis seeks to address the
issue of whether or not the current aquifer is an adequate groundwater resource to still be
considered a viable source of water in the future.

2

Figure 1.1

Data map taken from 1895 to 2015 for Mississippi’s Maximum
Temperature Annually

(NOAA, n.d)
3

Figure 1.2

Data map taken from 1895 to 2015 for Mississippi’s Average Temperature
Annually.

(NOAA, n.d)
4

Figure 1.3

Data map taken from 1895 to 2015 for Mississippi’s Minimum
Temperature Annually.

(NOAA, n.d)
5

CHAPTER II
GEOLOGIC SETTING
Oktibbeha County lies within a large geologic feature called the Mississippi
Embayment. This embayment is a structural syncline that plunges slightly towards the
southwest (Cushing et al. 1970). At the surface, Oktibbeha County has several different
types of geologic deposits that regulate groundwater recharge. At the easternmost border
of the county the Demopolis Formation is at the surface. In the center of Oktibbeha
County the Ripley, Prairie Bluff, and Clayton formations dominate. Most of the western
half of the county is covered by the Porters Creek Formation. At the northwestern corner
of Oktibbeha County, the Naheola Formation outcrops, while the rest of the western
border contains the Wilcox Group. A geologic map of Mississippi is given in figure 2.1
as well as a general stratigraphic column (fig 2.2).

6

Figure 2.1

Geologic map of Mississippi. Oktibbeha is highlighted in red.

(Thompson, 2011)
7

Figure 2.2

Stratigraphic Column of formations present in northeastern Mississippi

(Dockery, 1996)
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2.1

Topsoil
The topsoil is formed from the geologic units at the surface of Oktibbeha County

which are of the Selma Chalk, the Porters Creek Clay, the Wilcox Formations and
alluvium deposited from streams. On the eastern side of the county, the soil is mostly
composed of chalk that developed from marl and clays (Brent, 1973). These chalk
deposits have been reworked by flood deposits in the Backland parts of the county
(Brent, 1973). The flood deposits are composed of high amounts of montmorillonite and
calcium carbonate (Brent, 1973). The soils on the extreme western part of the county
formed from the Porters Creek Clay and tend to have high amounts of clay (Crushing et
al. 1964; Brent, 1973). These clay soils have a low permeability and thus prevent a large
portion of water from entering the aquifers below. This prevents the water from
recharging the groundwater system below Oktibbeha County and tends to cause the soils
to become highly leached (Brent, 1973). This also tends to cause a localized perched
water table within the topsoil. With the lack of leakage through the confining layers of
the soils and the underlying geologic units, the potential recharge becomes runoff or is
evaporated.
2.2

Midway Group
Located at the western side of the county underlying the top soil is the Midway

Group (Wasson et al. 1965). This Paleocene group is composed predominately of marine
clay and shale with some sand formations within the clay (Hosman et al. 1968). The
Midway Group is in contact with the overlying Wilcox Group and is indeterminate in
most places(Cushing et al., 1964). In the places where the boundary is noticeable it is
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characterized as an unconformity. This group is composed of: the Naheola Formation,
the Porters Creek Formation, and the Clayton Formation (Cushing et al., 1964).
The Naheola Formation is the upper most formation in the Midway Group
(Hosman et al., 1968). The thickness of this unit is generally 100 feet in Mississippi
(Hosman et al., 1968). The Naheola Formation is composed of thinly laminated fine
sands and silty clays with beds of lignite defining the upper contact in localized areas
(Cushing et al., 1964).
The Porters Creek Formation is predominately a very dark gray or black blocky
clay with some subordinate beds of sand occurring in several localized areas (Cushing et
al., 1964). In these areas, the Tippah Sand can be used for very localized pumping
(Hosman et al., 1968). The Porters Creek Formation has been found to contain large
amounts of montmorillonite (Easson et al., 2005). Montmorillonite expands when
introduced to water and contracts when dried (Easson et al., 2005). This causes the
potential recharge from precipitation events to become absorbed by the montmorillonite
until evaporated or until runoff. This classifies the Porters Creek Formation as a
confining unit. A confining unit in hydraulic terms is determined to be a unit of rock that
restricts the flow of water.
The Clayton Formation is composed of mostly limestone, sandstone, and
calcareous sand. This formation is considered to be of marine origin (Hosman et al.,
1968). This formation is generally about 35 feet thick in the subsurface; although a
confining layer in most places, this formation can act as a localized aquifer in very rural
areas due to the sandstones located within this formation (Hosman et al., 1968). The
pumps that draw from this aquifer are designed for a small capacity and yields because
10

these wells on average produce less than 0.1mgd (million gallons per day) (Hosman et
al., 1968). This small amount is adequate for domestic and stock wells but inadequate for
larger pumping wells (Hosman et al., 1968).
The aquifers in the Midway Group gain recharge from precipitation in areas
where the formation outcrops and in part from underlying Cretaceous aquifers leaking
through the confining layers between them (Hosman et al., 1968). The extent of the
hydraulic sands in this group are generally limited and not extensive, thus preventing the
large amounts of recharge needed to support a larger dependency on these aquifers
(Hosman et al., 1968). Analyses of water from the top layer of the Clayton Formation
have shown a presence of sodium bicarbonate. The total dissolved solids (TDS) tends to
range from 128 to 418 ppm (parts per million) completely within the drinkable water
level. The TDS for drinkable water is regulated by the the Environmental Protection
Agency’s (EPA) and is generally set to 1000 ppm.
2.3

Selma Group
Directly beneath the Midway group is the Selma Group. The Selma group is

composed of the Mooreville, Demopolis, and Ripley formation in Oktibbeha County
(Cushing et al., 1964).
The Mooreville Formation is composed of an impure chalk or chalky marl that
contains scattered thin beds of very fine grained sand (Cushing et al., 1964). These sandy
areas tend to be extremely glauconitic in the upper parts of the formation (Cushing et al.,
1964). The formation grades into sand and becomes the Coffee Formation (Cushing et al.,
1964).The Coffee Formation is made up of a large series of stratified sands and clays that
are sometimes cross bedded (Cushing et al., 1964). The sands in this formation are
11

generally fine grained and vary in composition and coloring, and have deposits of micas
and pyrite (Cushing et al., 1964). The clays are highly carbonaceous and contain an
abundance of plant remains; however, the Coffee Formation does not exist as far south as
Oktibbeha County (Cushing et al., 1964).
The Demopolis Formation is composed of mostly a pure chalk (Cushing et al.,
1964). This pure chalk tends to grade into the overlying Ripley Formation (Cushing et
al., 1964). The Ripley Formation typically consists of clays, sandy clays, sand, and thin
beds of sandstone (Cushing et al., 1964). The Ripley Formation is composed of several
confining units that are typically composed of dark gray glauconitic micaceous
fossiliferous fine sand with inter bedded clays (Cushing et al., 1964). The Ripley is
exposed at the surface of Oktibbeha County, thus the entire Selma Group acts as a
confining unit for the under and overlying aquifers.
2.4

Tuscaloosa Group
The Tuscaloosa Group is found below the Selma Group. The Tuscaloosa Group is

composed of the Coker Formation, the Gordo Formation, the McShan Formation, and the
Eutaw Formation in Mississippi (Cushing et al., 1964). The Tuscaloosa Group consists
sediments ranging in size from sand and clay to rounded gravels ranging in size from 1 to
6 inches.
2.4.1

Coker Formation
The Coker Formation is layered by thin-bedded clay, sandy clay, shale, and sand

of marine origin as well as multicolored clay and shale that contain subordinate beds of
sand (Cushing et al., 1964). This formation strikes northwestward and dips towards the
12

southwest with an average slope of 40 feet per mile (fpm) (Boswell et al. 1965).
Recharge in this area is received from areas of high permeability at locations of formation
outcrop in Alabama and overlying aquifers through leakage (Boswell et al., 1965). Due to
the lowering of pressures within the Coker, recharge has been induced from the
underlying Pottsville Formation (Boswell et al., 1965). This was indicated by high
amounts of chloride, which have been found in wells pumping from this formation that
did not originally contain such levels of chloride. The levels of chloride had only
previously been seen in the underlying Pottsville Formation (Boswell et al., 1965). In the
western parts of Alabama, the pumping wells drilled into this formation were able to
produce an estimated 3mgd in 1962 (Boswell et al., 1965). In areas of Mississippi about
2.5mgd was pumped from 2 industrial wells and four municipal wells in 1962 (Boswell et
al., 1965). The general movement of groundwater in the Coker Formation is toward the
southwest. In Lowndes County, Mississippi a slug test determined the hydraulic
properties of the formation which were determined to be: transmissibility of 250,000
gallons per day(gpd) per foot; the hydraulic conductivity of 55.7 feet per day (fpd);
coefficient of storage of 0.003; specific capacity of 71 gallons per min (gpm) per hour;
and the saturated thickness of the aquifer was 120ft (Boswell et al., 1965).
Transmissibility is the measure of hydraulic conductivity times the thickness of the
measured area (Fitts, 2013). Coefficient of storage is a measure of the volume of water
released from storage given a decline in hydraulic head, multiplied by a given area (Fitts,
2013). The specific capacity is a measure of discharge from the aquifer divided by the
overall drawdown of the aquifer over a given time (Fitts, 2013). The Coker Formation
has potential for significant pumping of water, but for most areas the overlying aquifers
13

are used for ease of access because they are located closer to the surface (Boswell et al.,
1965).
2.4.2

Gordo Formation
The Gordo Formation generally ranges from 100 to 400 feet in thickness and is

composed of thick beds of sand with gravel in the lower part of the formation (Chusing et
al. 1964; Boswell et al., 1965; and Hilgard, 1860). In the upper part of the formation
multicolored mud and shale can be found interbedded with the sand (Cushing et al.,
1964). The Gordo Formation strikes in the northwest/southeast direction with the
formation dipping towards the southwest at 40 fpm (Boswell et al., 1965). The Gordo
Formation is predominately recharged where permeable sand layers outcrop in Alabama
(Boswell et al., 1965). From aquifer testing in Clay County, Mississippi the hydraulic
properties were estimated at: transmissibility of 33,000 to 160,000 gpd per ft; a hydraulic
conductivity of 99.31fpd; coefficient of storage of 0.0002; specific capacity of 33 and 24
gpm per foot of drawdown (Boswell et al., 1965).
Typically, wells that tap into the Gordo yield 500-1250gpm (Boswell et al., 1965).
A potentiometric surface map of the Gordo from 1994 that includes Oktibbeha County is
presented (fig 2.3) as well as the drawdown from well M008 (fig 2.4) from Oktibbeha
County. The quality of this aquifer’s water is similar to that of the Coker Formation. The
TDS within the outcrop areas are low and are mostly made up of bicarbonate, calcium
and sodium (Boswell et al., 1965). As the Gordo Formation dips farther within the
subsurface the presence of iron and magnesium becomes detectable (Boswell et al.,
1965). At depth in Oktibbeha County, the TDS is within the acceptable range set forth by
14

the EPA and thus is the main source of public water supply in the county as well as many
other counties within Mississippi and Alabama.

Figure 2.3

Potentiometric Surface map from 1992 for the Oktibbeha County with a
contour interval of 20 feet.

Modified from (Phillps & Hoffmann, 1994)
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Figure 2.4

The drawdown of the potentiometric surface from the years 1975 through
1992. The Y-Axis represents water level in feet relative to the surface of
the earth.

Modified from (Phillips & Hoffmann, 1994)
2.4.3

Eutaw-McShan Formation
The Eutaw-McShan Formation is composed of laminated micaceous glauconitic

gray clays, fine sands, and lenticular beds of fine to medium glauconitic sands (Cushing
et al., 1964). The McShan is generally included in the lower part of the Eutaw Formation
but is named differently because in some areas there is a distinguishable difference. The
Eutaw Formation is composed of gray clay interbedded with fine glauconitic sand
(Cushing et al., 1964). Thin beds of fine and medium glauconitic sands are common at
16

the base of the formation (Cushing et al., 1964). The base of the bed is marked by a thin
bed of fine gravel (Cushing et al., 1964). The sands are commonly cross bedded or
distinctly stratified (Cushing et al., 1964). The top of the formation is characterized by
massive highly glauconitic fossiliferous calcareous beds (Cushing et al., 1964). The
Eutaw Formation strikes towards the northwest and dips southwest at 25-60 fpm
(Boswell et al., 1965). The Eutaw Formationreceives most of its recharge in areas of
outcrop in Alabama where the sands are permeable (Boswell et al., 1965).
In Alabama several of the Eutaw-McShan aquifer wells have yielded 500gpm
while wells in Mississippi have had less yield at 350gpm depending on where in the
aquifer the wells are pumping from (Boswell et al., 1965). The general movement of the
groundwater in the Eutaw Formation is down dip (Boswell et al., 1965). The
EutawFormation, in the pumping wells closest to Oktibbeha County has shown the
following hydraulic properties: transmissivity of 20,000gpd per ft; average hydraulic
conductivity of 13 fpd but is calculated to be 11.14fpd within the region. The McShan
Formation has a hydraulic conductivity of 0.08fpd; coefficient of storage of 0.0002; and a
specific capacity of 4.5 gpm (Boswell et al., 1965). With the amounts being pumped in
the 1960’s a large amount of drawdown seen in the Eutaw Formation (Boswell et al.,
1965). The water in the Eutaw Formation contains sodium chloride bicarbonate and a
calcium bicarbonate (Boswell et al., 1965). The dissolved-solids are low in areas of
outcrop but increase as the formation goes down dip (Boswell et al., 1965). This aquifer
is not the main source of water in Oktibbeha County. .
The dissolved solids of the Gordo and Eutaw formations are controlled by a
complex process of mineral dissolution, precipitation, and oxidation-reduction process
17

(Lee, 1985). The water chemistry is controlled by these processes and is dependent on
how long the groundwater is present, as well as the mineral differences between the
aquifers (Lee, 1985). Below the Tuscaloosa group are Lower Cretaceous beds that are to
saline too be considered as an aquifer system for Oktibbeha County (Wasson et al.,
1965). Thus for the purpose of this project, all formations underlying the Coker formation
are ignored because their salinity is beyond EPA standards and thus unusable for water
resources. A cross section of the main formations is given in figure 2.6 with the location
of the cross section and comparative cross sections are given on figure 2.5.

Figure 2.5

Location of crossection and local crossections in the area from 1965.

Modified from (Wassonl et al., 1965)
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Figure 2.6

Most recent crossection done of the area showing a dip towards the west.

(Wasson et al., 1965)
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CHAPTER III
HYPOTHESIS
For this study, the hypothesis is: given the current pumping rates and
potentiometric surface, Oktibbhea County will have an adequate water supply for the
next 25 years. The following objectives will be needed in order to test this hypothesis.
The population growth of the county and of the University within the county will need to
be accounted for as well as any industrial growth that could be possible. Cross sections
will be created to gain a better understanding of the underlying geology and a pumping
model can be created to represent the future water levels within the county. A
potentiometric surface map will be created of past levels and future levels to understand
the possible future flow possibilities.
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CHAPTER IV
METHODS
The population data collected from the years 1990, 2000, 2010 came directly from
the United States Census. The Data from 2011-2014 was predicted based on the trend
previously developed from the data. For the years 1995 and 2005 the population data was
obtained through the USGS and their water usage data that they collect every 5 years.
The years in-between these years were determined by finding the average change per
year between the given data points. The total population using the groundwater source
was found by adding the population of Oktibbeha County with the student enrollment of
Mississippi State. The university enrollment is given in figure 4.1.
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Figure 4.1

Enrollment for Mississippi State University from the year 1982 to 2004.
The enrollment from 1990 to 2004 was used for this thesis.

(MSU 2004)
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Well data was then obtained and digitized within PETRA. PETRA is a program
created by IHS to digitally visualize underground features and create stratigraphic
correlations within between well logs to produce cross sections. Within the program, the
well latitude and longitude was entered within the system and mapped and is given within
the figures. The wells were then chosen two along strike and one down dip. The strike
and dip was obtained within the literature. PETRA then created a column of wells that
were predigitized the well logs were then hand correlated; although other geophysical
signatures were used during correlation. Spontaneous Potential was chosen for
presentation because this geophysical data was the only common geophysical log
response within all the wells.
The Mississippi Department of Environmental Quality (MDEQ) as well as the
United States Geological Survey (USGS) monitors groundwater levels at wells located
throughout Oktibbeha County. The current groundwater levels were obtained from
MDEQ as well as the voluntarily reported pumping amounts from owners. The
groundwater data was then analyzed to find the years with the most record with the wells
in order to obtain the largest data set. The years 1978,1990,1999,2004, and 2010 were
chosen based on these criteria. The wells with data for these years were then placed in
ArcMap 10.1 according to their latitude and longitude and were each assigned a z value.
These z values represent the hydraulic head levels of the Gordo aquifer at the time of data
collection. These z values were then compared using inverse distance weighting (IDW).
IDW takes values of points and determines the values of cells based on the distance from
that point. The greater the distance from the point the less influence that point has on the
value of the cell. Potentiometric surface maps were then created to represent the change
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geographically in the potentiometric surface over the given years. The goal of this was to
show changes, if any, in the flow of the groundwater as well as as sudden growth in areas
within the county. The sudden growth would be shown by a large increase in a given area
and would be shown by an increased draw down of the groundwater in that area.
To compare this data Sigma Plot was used to create another potentiometric
surface map of the given wells. Given that Sigma Plot has no latitude and longitude
compatibility, the x and y value for each well was determined using their distance from
the west and south side of Oktibbeha County. This political boundary acted as the y and x
base respectfully. The data was then put into a three dimensional (3-D) map representing
the potentiometric surface of the Gordo aquifer. The goal of this process was to ensure
data quality from ArcMap and Sigma plot, and show a 3-D model that would increase
understanding of how the groundwater is flowing and the areas of the most water
utilization within an area.
This data were then entered into Visual Mod Flow v.2.8. Using the locations that
were provided, a model was set. The aquifer’s properties such as storativity, permeability,
etc. was obtained mainly through previous work and then simulated based on those
parameters with the model. When using a model several assumptions have to be made.
The assumptions are that the material above and below the attended area is homogenous
across the data field. That goes for all direction in x, y, and z directions. Pumping rates
are assumed to stay continuous throughout the process. The flow of the aquifer is lateral
and the transmissivity of the aquifer is homogenous throughout. Because there is a large
thickness of rock restricting flow from precipitation events at the surface, the parameters
were run with the assumption that no leaky aquitards were present. Due to the limitations
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of the version of the modeling program was used more assumptions were made. The
Eutaw-McShan formations were group together with the overlying and underlying
confining units to create one large aquitard. The data was also run with a constant head
boundary coming in from the North West end of the county since the Arcmap and 3-D
Models suggest that the recharge in the area is indeed coming from that direction. Using
these restrictions, 2 pumping wells were also added in two different scenarios. In the first
scenario, the pumping wells were added close to the mainly populated Starkville and
Mississippi State University to show if the aquifer could handle a large industry that
requires large amounts of water located close to town. The second scenario places the
pumping wells farther from town to see if large industries were to locate farther away and
pump large amounts of water could the aquifer could handle the demand. This model
was then found too restricted to emulate the flow for the entire county. This model was
then replaced with an analytical approach.
The Theis solution is a method to analyze a non-leaky aquifer using the basic twodimensional flow equation s to estimate horizontal flow through the aquifer. This
equation takes several assumptions to use.
1. The aquifer is infinite in extent and continues in all directions with no constant or
no-flow boundaries.
2. The aquifer is homogenous in both transmissivity and storativiy in an infinite
state.
3. The aquifer through pumping does not induce leakage through any overlying or
underlying layers.
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4. The well in use fully penetrates the aquifer and the only resistance to flow is in
the horizontal flow.
5. Before pumping begins there is a steady state present.
6. Constantly pumps at the discharge rate given in the equation with no fluxiation in
pumping.
7. The drawdown caused by pumping is symmetrically radial.
8. At a certain distance, wells are unaffected by the pumping at the well.
9. The drawdown gradient is similar to a drawdown from steady state radial flow.
10. Water is released instantly from storage as the water is being pumped.
Though the flow equation is much more complicated the Theis solution equation is
𝑄

𝑆=(

4𝜋𝑇

) 𝑊(𝑢)

(4.1)

Where S is defined as the loss in hydraulic head level at that point from the original (or hh0); and Q represents discharge, or in this case the amount being pumped from the
aquifer. This number tends to be negative because the water is being removed from the
aquifer instead of being adding. T is defined as Transmissivity. W is the well function
and u is solved by the following equation.
𝑢=

𝑠𝑟 2
4𝑇𝑡

(4.2)

Where s is defined as storativity for the aquifer; r represents the radial distance from the
well that the drawdown is being measured; and T is the time in days that the pumping
well is active.
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After the drawdown of the area had been calculated, the original head levels were
then determined from predetermined distances to see the effects form pumping in
alternate wells.
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CHAPTER V
RESULTS AND DISCUSSION
Mississippi State University is a main entity inside Oktibbeha County. The
University in the fall of 2010 had an attendance of 19,035 students. This large number of
students make up 28.5 percent of the total population using the county’s groundwater
supply. This number has increased from fall of 2005 where the student population was
only 14,375 students and made up 26% of the total population using the groundwater
supply. In fall of 2000, the Mississippi State University students made up 27 percent of
the groundwater use, while in fall of 1995 used 26 percent of the groundwater use. Given
this trend, the students of the university should never take within the projections more
than 30 percent of the groundwater usage.
There are several limitations to these data. Students taking online classes are not
differentiated in the data obtained from Mississippi State thus that number could not be
removed from their total number of attending students. Students that commute to campus
are also another area of error, since there was no separation from students commuting and
the students that lived on campus. These errors would tend to make the projections of
water use to be larger than the actual use. However, major events are also not taken into
account when determining water use. At Mississippi State, large events such as football
games take place that draw thousands of people to the stadium and thus increasing the
amount of water used during these events. In 2014 the average attendance was 61,127
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people, though some of the attendance is from current residents, the population of
Oktibbeha County greatly rises for a weekend (MSU, 2004). With both errors taken into
consideration, both were ignored due to the unpredictability of each and that one would
negate at least some of the other. From 2015-2040 the data was projected by following
the trend line that the previous data set. The population and water usage data showed a
linear trend as shown in figure 5.1-5.6. Using the same method the water used was also
projected. In the projections of the populations past 2015 and thus water use there are
several limitations. Population growth within Oktibbeha and Mississippi State took a
large dip in the early 2000’s. This reduction could have been the result of an economic
crisis and attendance within the University. Because the enrollment of the University
could be tied to how well a sports team does, and to policies and degree availability, a
perfectly accurate projection of the populations is near impossible. Thus the projections
were based off the linear best fit. So using this projection there will be between 90100,000 people on the water supply in the year 2040. With these projections we can also
project how much water will be needed in the future. Using data acquired from MDEQ
and from the USGS, a projection was made to determine how much water will be needed
in the future years. In order to predict this outcome an average water use was established
and used to determine a prediction.
During the Early 1990’s the water use per person was 100 gallons per day. In
1996 the average water use dropped from 90-100 gallons per day per person to 75 gallons
per day per person (Fig 5.6). Over time the water use then balanced to an average of 81
gallons per day per person. This drop could be caused by many sources, a large
corporation left the area, or the price of utilities could control this number. This average
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also reflects water used by industries and farms that cause limitations to the correlation
between population and water usage. In 1996 the clean water act was amended and could
also have had an impact on the decrease of water use. The decrease would have been
because the amendment forced more work on the public water supplies and through
normal business means the expense was passed on the general public. This increase in
price would cause the population to get less water for the same price, causing a large
decrease in water usage. So Instead of using the entire data set to determine the projected
water use per person, the data before 1996 was eliminated to have a more conservative
estimate from the projections and to keep the projections close to the projections seen
within the pumping data also received from MDEQ (Fig 5.4). This would indeed cause
the projections to be lower than if using the entire data set but with the increase in
environmental laws and an overall increase in environmental awareness within the
country, these projections should tend to be more accurate than the average of the entire
data set.

30

Oktibbeha County
70,000.00

65,000.00

60,000.00

Population

55,000.00

50,000.00

45,000.00

40,000.00

35,000.00

30,000.00
1990

1995

2000

2005

2010

2015

2020

2025

Year

Figure 5.1

Past and predicted population of Oktibbeha County
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Figure 5.2

Past and future prediction of Enrollment into Mississippi State University
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Figure 5.3

Past and future prediction of total population getting water from public
water supply in Oktibbeha County
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Within PETRA the wells obtained from MDEQ, were organized by location and
then digitized through the program. The program then allowed a map to be created based
on the latitude and longitude of each of the wells. Several wells were chosen as shown in
figure 5.6 to create the geologic cross-section. The cross-sections have been shown from
the literature to have the strata dipping to the west. This was indeed shown in the cross
sections created and shown in figure 5.6-5.9.
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Figure 5.6

Map of Oktibbeha County with all know geophysical log locations and
locations of cross sections A-A’, B-B’, and C-C’

Modified from (Sims et al., 1985)
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Figure 5.7

A-A’
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Figure 5.8

B-B’
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Figure 5.9

C-C’
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Using ArcMap, the influx of water was determined to be coming from the
Northeastern side of the county and flows down dip towards the large pumping wells and
exits towards the southwest. ArcMap was also used to locate the wells using latitude and
longitude. These relative locations were then used to place these wells in both Sigma Plot
and the ModFlow models. These maps gave an insight on where the most water was
being pumped and where in the county the largest drawdown and potential supply
problems could be found. Using IDW a contour map was created that gave some insight
to how the groundwater is flowing in the aquifer and where the actual recharge is coming
from in the more recent years. From the ArcMaps created the flow was going in the
opposite direction when compared to how it should be flowing when compared to the
past and due to gravity. The flow should be headed from the northeast and flowing
towards the southwest. In the map created to represent the potentiometric surface in 1990
the flow is opposite of the expected flow. This can be seen in the Arcmap from the
1990’s. This was due to the large amount of pumping during 1990. In the map created
after the decline in water usage, the direction of the flow of the aquifer has slowly
changed from flowing from the southwest to flowing from the northwest. Sigma Plot was
then used to contour the water levels within the county. In order for Sigma Plot to obtain
this data, an x and y value must be calculated through means other than latitude and
longitude. So these values were determined by measuring the locations of the wells from
the south and west side of the county. This provided the x and y values respectfully. Then
based on these points the program countered the area using a digital form of countering.
The outputs were then inspected to ensure accuracy of groundwater flow. Using the same
data, a 3-D mesh model was then created to show groundwater flow in 3-D. These 3-D
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meshes can be seen in figures 5.10 through 5.13. These contours are limited by scale
because Sigma Plot is not a geographical program, the horizontal scale cannot be
determined when comparing the scale to surface distance. This mesh and contours was
created to show general flow through the county, not to show an actually representation
of the flow. These contours were used to ensure ArcMap 10.1 and ModFlow was
outputting contours accurately.
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Figure 5.10

3-D map of the potentiometric surface of the Gordo Formation Aquifer, the
edge of the model represent the edges of the County with the arrow
indicating north.
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Figure 5.11

3-D map of the potentiometric surface of the Gordo Formation Aquifer, the
edge of the model represent the edges of the County with the arrow
indicating north.
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Figure 5.12

3-D map of the potentiometric surface of the Gordo Formation Aquifer, the
edge of the model represent the edges of the County with the arrow
indicating north.
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Figure 5.13

3-D map of the potentiometric surface of the Gordo Formation Aquifer, the
edge of the model represent the edges of the County with the arrow
indicating north.
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When comparing the different Arcmap figures given, there is a large difference in
the flow path from the Gordo. In the 1990’s the hydraulic flow was coming from the
south. Because water flows from areas of high pressure to areas of lower pressure it tends
to work the same as it does on the surface, downhill, but especially from high pressure to
low pressure. So in the case of a potentiometric surface the water would flow down
gradient. In the years following the 1990, the flow began to change direction from the
south to the north, to from the north to the south. This can be observed when looking at
figures (5.14-5.17). The reason for the variation of flow is the change of the amount of
pumping within the county. In addition to the already mentioned amendment of the Clean
Water Act another possible reasons for the change in pumping rates could be because of a
loss of dairy farms in those years combined with loss of manufacturing following The
North American Free Trade Agreement (NAFTA). This agreement dropped all tariffs that
were imposed on Canada and Mexico.
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Figure 5.14

Local Potentiometric Surface map for Oktibbeha County for 1990
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Figure 5.15

Local Potentiometric Surface map for Oktibbeha County for 1999
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Figure 5.16

Local Potentiometric Surface map for Oktibbeha County for 2004
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Figure 5.17

Local Potentiometric Surface map for Oktibbeha County for 2010
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In the year 1996 the amendment of the Clean Water Act required all organizations
that pumped water for public supply to take more measures to ensure quality of water.
This would have caused the prices of water supplied to the public to go up. When prices
go up to the public the amount of water used tends to lower because of the increase of
charge. This method works similar to that of petroleum. The higher the price of
petroleum the less the public uses the petroleum. System improvements may have also
resulted in less water loss.
When the data were inserted into the Visual ModFlow program there was several
limitations. In every case the model could not at the level provided give a reliable
prediction on the water levels that would be present due to future pumping. After trying a
different numerical model and having similar results, an analytical model was used. The
analytical model though having its limitations showed the effect that the pumping was
having on the other wells being pumping. With the available data it was shown that the
drawdown within the aquifer reached up to 10 miles away. This when added to the other
wells being pumped started to show a large amount of drawdown within the aquifer.
When calculated at an increased amount the drawdown became more steady but at a
larger area and deeper drawdown.
If a pumping well was to be added anywhere within the county, the quadrant of B
and L (Fig 5.6) would be prime areas because there is little to no pumping with them and
they lie on the outskirts of the major drawdowns from the major wells. If a well is needed
within the city limits or close to the city, it would be recommended to put one within the
south or north western side of the city limits. This would put the pumping well at least
minimize the effect of the current pumping wells. This was determined based on the large
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variety of original head levels. If the Theis solution is correct, then the original head
levels should be around the same level at equal distance away from the well. Since this is
not the case in 4 different instances, the cause was determined to be from the pumping of
the surrounding wells. The projected potentiometric surface map for the Gordo Formation
is given in figures 5.18-5.21.
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Figure 5.18

Projected Potentiometric surface map for 2015
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Figure 5.19

Project potentiometric surface map for 2020
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Figure 5.20

Projected potentiometric surface map for 2030
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Figure 5.21

Projected potentiometric surface map for 2040
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When calculating the future pumping rates, an average increase between the years
of 2009-2014 was found to be 27% increase. The calculation tables have been provided
in appendix C.
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CHAPTER VI
CONCLUSION
Oktibbeha County has relyed on the Gordo Aquifer for many years for its water
source. Through the years of pumping to support an actively growing population has
taken its toll on the aquifer system the need for utilization of a different aquifer may be
needed in the near future.
If there is every a need for a replacement aquifer to obtain fresh water for
Oktibbeha County, then the deeper Coker Formation could offer the same amount and
quality of water to support the actively growing county. Though present, the surface
water in the county is not in large enough to support large supplies. The largest bodies of
surface water being at the north-eastern tip and the south-eastern tip of the counties. The
surface water at the southern end of the county is an environmentally protected zone and
would prove to be costly to the county to use as a source of water. The river to the northeast though large is a long distance to pump for use in the county seat of Starkville. The
amount of pumping that had been done in the past caused a change in the groundwater
flow and caused the flow to come from a deeper part of the aquifer. This deeper flow was
caused by the large depression caused by the pumping. If the prediction data is correct,
this flow would indeed begin to happen again. To prevent this reverse in flow the use of
the Coker Formation should support public supply and create some relief for the Gordo.
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The Coker Formation is at a greater depth through and using this aquifer would cost more
to drill a well and use the water from.
With the drawdown at the levels indicated on figure 5.21, there will be enough
groundwater for Oktibbeha County for the next 25 years without the need of other
sources. During the 25 years, it is advised to find and begin obtaining a new source for
public supply in the years leading up to 2040. The Coker Formation would make a
suitable supplement with the current water supply.
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CHAPTER VII
FUTURE WORK
In Oktibbeha County there is an entire quadrant that has no record of drilling
within the data that was given so if the funding could be obtained the information that
well would give would help create a more in depth cross-section and if it could be used as
a head observation point there could be more accuracy in that area.
The Theis solution is normally used to observe a pumping well in the field. If the
funds could be obtained, doing a pumping test and testing the hydraulic properties of the
aquifer would greatly help the accuracy of this study. The Theis solution is also not the
only solution to calculate the drawdown that would be caused by the pumping of these
wells over the next 25 years. Using more sophisticated solutions might allow
development of models to help find an exact prime location for a new pumping well for
large production.
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GEOPHYSICAL WELL DATA
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Figure A.1

Well A0001
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Figure A.2

Well A0002
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Figure A.3

Well A003
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Figure A.4

Well A0004
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Figure A.5

Well A0005
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Figure A.6

Well A0006
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Figure A.7

Well A0015
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Figure A.8

Well B0001
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Figure A.9

Well B0002
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Figure A.10 Well B0003
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Figure A.11 Well B0004
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Figure A.12 Well B0005
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Figure A.13 Well C0001
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Figure A.14 Well C0002
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Figure A.15 Well C0003
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Figure A.16 Well C0004
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Figure A.17 Well C0005
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Figure A.18 Well C0006
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Figure A.19 Well C0007

83

Figure A.20 Well C0030
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Figure A.21 Well D0001
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Figure A.22 Well D0002
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Figure A.23 Well D0003
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Figure A.24 Well D0004
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Figure A.25 Well D0005
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Figure A.26 Well D0006
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Figure A.27 Well D0007
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Figure A.28 Well D0008
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Figure A.29 Well D0009
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Figure A.30 Well D0010
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Figure A.31 Well D0065

95

Figure A.32 Well D0066
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Figure A.33 Well E0001
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Figure A.34 Well F0001
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Figure A.35 Well F0002
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Figure A.36 Well F0003
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Figure A.37 Well F0004
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Figure A.38 Well F0005
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Figure A.39 Well F0033
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Figure A.40 Well F0035
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Figure A.41 Well G0001
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Figure A.42 Well G0002
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Figure A.43 Well G0003
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Figure A.44 Well G0004
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Figure A.45 Well G0005
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Figure A.46 Well G0006

110

Figure A.47 Well G0007
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Figure A.48 Well G0008
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Figure A.49 Well G0009
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Figure A.50 Well G0010
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Figure A.51 Well G0011
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Figure A.52 Well G0012
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Figure A.53 Well G0013
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Figure A.54 Well G00015

118

Figure A.55 Well G0016
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Figure A.56 Well G0017
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Figure A.57 Well G0018
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Figure A.58 Well G0048
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Figure A.59 Well G0104
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Figure A.60 Well G0107
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Figure A.61 Well G0108
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Figure A.62 Well G0109
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Figure A.63 Well H0001
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Figure A.64 Well H0002
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Figure A.65 Well H0003
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Figure A.66 Well H0004
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Figure A.67 Well H005
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Figure A.68 Well H0006
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Figure A.69 Well H0007
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Figure A.70 Well H0008
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Figure A.71 Well H0009
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Figure A.72 Well J0001
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Figure A.73 Well J0002
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Figure A.74 Well J0003
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Figure A.75 Well J0004
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Figure A.76 Well K0001
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Figure A.77 Well K0002
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Figure A.78 Well K0003
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Figure A.79 Well M0001
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Figure A.80 Well M0002
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DATA OBTAINED FROM MDEQ
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Figure B.1

Potentiometric surface map of the Gordo Aquifer for the year 2011. Red
dots are well locations.

Data created by John V. Banks
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Figure B.2

Potentiometric surface map of the Gordo Aquifer for 1992.

Data created by Patrica A. Phillips and James H. Hoffmann
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Table B.1

Pumping data obtained form MDEQ
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Table B.1 (Continued)
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Table B.1 (Continued)
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Table B.1 (Continued)
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Table B.1 (Continued)
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CALCULATION TABLES
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Table C.1

Population prediction data.
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Table C.1 (Continued)
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Table C.1 (Continued)
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Table C.1 (Continued)

Yellow indicates data obtained directly from Census data while orange indicates data
obtained from the water usage data.
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Table C.2

Pumping data locations and amounts
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